ABSTRACT-The aim of this study was to estimate the optimum plot size and number of replications in papaya field experiments. Eleven variables were evaluated in four cultivars of papaya with planting in different seasons between 2011 and 2013 in the north of the Espírito Santo state. Analysis were made from blank test applied to 240 selected for planting season and cultivate plants in commercial fields. The determination of optimum plot size was performed by applying the methodologies of modified maximum curvature and maximum curvature of coefficient of variation. The determination of the number of repetitions was taken from the least significant difference in average 20% and 30%. The optimum plot size proved the same by the two methods studied for most evaluations. The optimum size required differs among cultivars, between variables and between planting seasons, with the largest number of plants was required for the variables number of fruits per plant and yield per plant. We conclude that the optimal number of papaya plants planted in the field is six plants per plot using three replications. Index terms: Carica papaya L., experimental precision, experimental planning.
INTRODUCTION
Field experiments with papaya are common and should be established given the high demand of information in the different areas, emphasizing the studies regarding crop science, mechanization, breeding, irrigation and drainage, physiology, entomology, phytopathology, weed control, among other areas.
Regardless the experimental design, the randomization and existence of at least two replications are crucial, in order to estimate the error and, consequently, the analysis of variance can be performed (STEEL et al., 1997) . The analysis of variance is a statistical tool that allows determining the experimental error, but local control and caution are ways to avoid that the variation not explained to be minimally influenced by external factors or by measuring errors. Thus, in order to minimize the experimental error, several strategies could be used, being part of good planning. The choice of the experimental design is one of these strategies and will depend, among others, on the studied crop, the number of treatments, the environmental influences on each treatment, and the number of experimental units (FEDERER, 1977) .
There are several methods to determine the optimum plot size, where the most used is the modified maximum curvature method, according to Meier and Lessman (1971) . Recently, Paranaíba et al. (2009) proposed the maximum curvature of the coefficient of variation method, which has the advantage of reducing the calculation necessary to determine the optimum plot size.
Research to determine the optimum plot size in the field were performed for several crops, such as abacaxi (LEONARDO et al., 2014) , passion fruit (STORCK et al., 2014) , canola (CARGNELUTTI FILHO et al., 2015) , sunflower (SOUZA et al., 2015) , among others.
In the literature, we only find the studies of Lima et al. (2007) and Brito et al. (2012) , with the aim of determining the optimum plot size with papaya plants. However, in both studies the evaluation concerned the performance of juvenile plants grown in specific greenhouse conditions.
As there are no studies regarding plot optimization for field experiments of papaya, each researcher uses the size that better suits to its reality, determined by the availability of physical, technical, and financial resources. Therefore, in the field studies involving papaya crop it is possible to find varied plot sizes. There are reports studies using only one (PRATISSOLI at al., 2007) up to twenty plants per plot (VIVAS et al., 2011) .
Considering that the experimental error is closely related to the size of experimental plots (FEDERER, 1977) and that there is an optimum plot size for each character in each crop, it is concluded that different sampling errors in field experiments of papaya (COCHRAN, 1977) are assumed by researchers within each plot and previously to set the experiments. One of the consequences of this is that a good portion of the experimental variability measured by the variation coefficients of some of these trials could have been reduced if the plots had the minimum size and number.
The aim of the present study was to determine the optimum plot size assuming different number of replications for experiments with different papaya cultivars and planting times.
MATERIAL AND METHODS
The study was performed at the Santa Teresinha farm of the Caliman Agrícola S.A company, (parallel 19° 11' 49" of latitude south and 40° 05' 52" of longitude west) and approximate altitude of 30 meters, in the municipality of Linhares, Espírito Santo. The climate of the region is AWi type (humid tropical), with rain in the summer and dry winter (ROLIM et al., 1999) .
The varieties of papaya THB and Golden, besides the hybrids F 1 Tainung and Uenf/Caliman 01, were studied regarding the determination of plot size and number of replications.
The sowing of the seeds to produce the plants was performed in a nursery with polyolefin net (shading net 50%). Trays containing 96 cartridges with capacity of 50 cm³ filled with Bioplant ® substrate plus Basacot mini 3M ® in the proportion of 10 kg m -³ of substrate were used, according to Paixão et al. (2012) , in which two seeds by cartridge were sown.
After being acclimatized the plants were transplanted in the field, around 40 days after they were sown, when its height was from 12 to 15 cm.
Three plants per hole were planted in order to assure a greater number of hermaphrodite plants. For the cultivars THB and Golden the spacing was 3.6 x 1.5 m and for the hybrids Tainung 01 and Uenf/ Caliman 01, the spacing was 3.6 m between rows and 2.0 m between plants, in podzolic red yellow soil of sandy-clay texture. The sexing was done after three months from planting, being kept a hermaphrodite plant per hole
The first evaluations were performed when the first fruits in ripening stage two (2) appeared, around eight months after planting. Fertilization, phytosanitary control and other cultural practices were performed according the recommendation for the crop (MARTELLETO et al; COSTA et al., 2013) .
The assessed variables were: plant height (PH) -corresponding to the distance between soil surface, contiguous to plant neck, and the insertion point of the youngest leaf, expressed in centimeters; height of the first fruit insertion (HFFI) -corresponding to the distance between soil surface, contiguous to the plant neck, and the insertion point of the first fruit, in centimeters; trunk diameter (TD) -evaluated at 20 cm from the soil, using a caliper, expressed in centimeters; number of marketable fruits (NMF) -all the fruits of the plant meeting the commercial standard; fruit mass (FM) -expressed in grams, measured in a precision scale with three decimal places; potential production per tree in the first year (PP), obtained by the multiplication between NMF and FM; fruit length (FL) -measured with caliper and expressed in centimeters; diameter of the median region of the fruit (DF) -expressed in centimeters; thickness of fruit flesh (TF) -measured with caliper and expressed in centimeters; diameter of the fruit cavity (DFC) -measurement taken after a cross cutting of the fruit in the equatorial region, expressed in centimeters; total soluble solids (TSS), by direct reading in bench refractometer, and expressed in o Brix and internal firmness of the fruit (FIRM) -determined using a penetrometer (Instrutherm, medol PTR-100) and expressed in Newton (N), measured in three equidistant points along the thickness of the flesh from the cross cutting of the fruit in the equatorial region, using a proble of 7.9 mm. For the variables related to fruit, MFR to FIRM, one fruit of each of the 240 plants of each cultivar was evaluated. These fruits were harvested in ripening stage two (2), with up to 25% of the skin in the yellow color and evaluated in the same day in the postharvest lab of the Caliman company.
The time of planting in the field, as well as the planted area and the data collection time are shown in Table 1 . In each area, 240 plants were evaluated, in a blank assay, with four rows of 60 plants located in the center of the field. Altogether 1920 plants were evaluated.
Determination of optimum plot size
For each of the twelve characters evaluated in the 240 plants of the black essay performed for each of the four cultivars of the different planting times, it was determined the optimum plot size using two methods: Modified Maximum Curvature Method, according to Meier and Lessman (1971) , that we have assigned by X 0 ML ; and the Maximum Curvature of the Coefficient of Variation Method according to Paranaíba et al. (2009) that we have assigned by X 0 P.
For the determination of the X 0 ML, 240 plants of the blank assay were structured in basic experimental units (BEU), where each BEU was constituted of one plant. The evaluations of the 12 variables in the field were made in each BEU. Then, with the data available and the precise identification of each plant, it was proceeded the calculations. For that, the BEU were grouped using the number of exact divider plants of the total number of plants of the blank assay, varying from one (1) up to 30 BEU, forming 11 groupings. For each specific grouping it was assesses all the possibilities of grouping composition by the evaluation of the plants within each of the four rows (DL) of 60 plants or plants between rows (EL). Thus, the grouping size (Xi) were, in BEU: X1 = 1 (1DL x 1EL); X2 = 2 (1DL x 2EL, 2DL x 1EL); X3 = 3 (3DL x 1EL); X4 = 4 (4DL x 1EL, 1DL x 4EL and 2DL x 2EL); X5 = 5 (5DL x 1EL); X6 = 6 (6DL x 1EL and 3DL x 2EL); X7 = 10 (10DL x 1EL and 5DL x 2EL); X8 = 12 (12DL x 1EL, 6DL x 2EL and 3DL x 4EL); X9 = 15 (15DL x 1EL); X10 = 20 (20DL x 1EL, 10DL x 2EL and 5DL x 4EL); X11 = 30 (30DL x 1EL and 15DL x 2EL).
For each of the X i BEU it was calculated the variance among plots (V (xi) ), the coeficiente of variation among plots (CV( xi )) and the variance by BEU among the plots of X i BEU of size, given by VU(x i ) = V(x i )/X 
(Determination of plot size assuming different number of replications
In order to determine the necessary plot size assuming different number of replications of each variable for each cultivar for each planting time, it was used the least significant difference between means (D i ) through the method proposed by Hatheway (1961) . For that, the heterogeneity index (b) was determined, through the logarithm of the function, VU (Xi) = V 1 /X b i according to Smith (1938) .
The D i is given by Di = √2(t 1 + t 2 )
where r is the number of replications, b 0 , X i , and b were previously defined, t 1 is the tabulated value of t for the significance tests (bilateral at 5%) and t 2 is the tabulated value of t corresponding an error of 2(1-p), where p=0,80 the probability of obtaining significant results. The tabulated values of the t distribution were obtained with gl degrees of freedom of the residue, assuming a completely randomized design, that gl=I(r -1), where I is the number of treatments admitted in the exact division I=240/(rX i ), and r taken as 2, 3, 4, and 5 replications and the X i the size of the BEU as previously set (1, The data were analyzed using the computer resources of the interactive software Matlab (MATLAB, 2010) , performing the calculations with thirteen decimal places.
RESULTS AND DISCUSSION
The results of the analysis from the 240 plants of each of the four papaya cultivars in different planting times are shown in Table 2 .
Although the means (m) of the characters plant height (PH), height of the first fruit insertion (HFFI), fruit mass (FM), and fruit diameter (FD) were not evaluated by test of means, they were greater for the hybrids Tainung 01 e Uenf/Caliman 01, of the "Formosa" group, when compared to the varieties THB and Golden, of the "solo" group. These results are in agreement with the expected and that were observed by Silva (2013) , evaluating the same cultivars, in a germplasm bank, in the autumn planting of 2011.
In the evaluation of the means of the number of marketable fruits (NMF) per plant of THB, it was found NMF = 78, in the summer of 2012, and NMF = 54, in the summer of 2013. Despite this difference of 24 fruits per plant, which might represent 12 kg of fruit per plant, this result is according the reality of commercial planting, since the production of papaya is largely influenced by environmental factors (DAMASCENO JÚNIOR et al., 2008) . It is interesting to show that the optimum size is of six plants by plot for NMF of the two planting times, through both methodologies used. This highlights that only the average is not enough to affect the differences in the optimum plot size, through the methodologies of Meier and Lessman (1971) and Paranaíba et al. (2009) .
In the comparison of the optimum plot size between the Modified Maximum Curvature Method (X 0 ML) of Meier and Lessman (1971) and the Maximum Curvature of the Coefficient of Variation Method (X 0 P) of Paranaíba et al. (2009) , it was observed that both methods showed similar results in 92% of the 60 evaluations performed, and that in the other evaluations where the results diverged, the method of Paranaíba et al. (2009) provided an estimate of the optimum plot size with differences of only one plant less. These results of the comparison of both methods disagree of those found by Paranaíba et al. (2009) working with rice. These authors found the greater plot size was observed for maximum curvature of the coefficient of variation method. Thus, the results found in the present study should not be extrapolated to other variables that may be evaluated or even to working plots with different sizes of the study, which was 240 plants.
The optimum plots size showed variation among the variables within the same cultivar, as well as for the same variable among cultivars and also for 'THB' between planting times. So, the optimum plot size varied from two plants by plot through the evaluation of FD and total soluble solids (TSS) in the variety Golden, and flesh firmness (FIRM) in the hybrid Tainung 01, to six plants by plot observed for NMF and production per plant (PP) in most varieties and planting times. Storck et al. (2014) , evaluating thirteen variables in eight passion fruit genotypes, in the same planting time, have also found different plot size requirements among the variables and genotypes. They also observed the greater sampling size was required to number of fruits per plant and production per plant. Similar response was observed by Lima et al. (2007) , evaluating five variables in the 'Golden' and 'Tainung 01' papaya grown in polyethylene bags, in greenhouse.
Besides the optimum plot size, it is important that the researcher situate himself around the number of replications. In Table 2 , it is seen that 42% of the evaluations assume lest significant difference Table 2 . Similar results of organization among the number of plants by plot and the number of replications were also shown by Souza et al. (2015) , which determined the optimum plot size for sunflower.
Still regarding plot size, it is seen in Table  2 that the researcher might use a plot size smaller than the optimum. However, in this case he will have to choose a higher number of replications and sometime assume a greater percentage for D i . In the other hand, the researcher that is using more than six plants by plot with three replications or more will be decreasing D i , despite spending more than needed in its experimentation.
The results of the present study are useful to guide researchers in papaya field experiments, since there is not a standard number of plants by plot and number of replications, as can be observed in the following studies: five plants by plot (OLIVEIRA et al., 2014) , six plants by plot (REIS et al., 2015) , eight plants by plot (DIAS et al., 2011) , ten plants by plot (CARDOSO et al., 2014) , twelve plants by plot (FERREIRA et al., 2012) , and fifteen plants by plot (MESQUITA et al., 2007) .
The optimum sampling size of six plants by plot should be understood as the number of plants to be evaluated, around eight months after planting. This does not mean the researcher should use only six plants by plot. This concern should take into account the training particularities of papaya fields, among which we could cite: The interest variables fall upon hermaphrodite plants and depending on segregation, not all plants in a plot are hermaphrodite; need to eliminate diseased plants manly those with viral diseases. Thus, the researcher, as far as possible, should establish each plot with number of plants greater than six. The additional number of plants relative to what was set in this study will depend, among other factor, on the financial resources and experimental area available. Meier and Lessman (1971) and through the Maximum Curvature of the Coefficient of Variation Method (X 0 P) according to Paranaíba et al. (2009) , the plot size according to the number of replications for a least significant difference of the mean (D) of 20% and 30%, evaluated in variables of papaya in different cultivars and planting times.
